Uninfected chicken, duck, rat, and human fibroblast cells in culture contained a tRNA-like RNA molecule which was structurally identical to a virionassociated RNA primer for in vitro Rous sarcoma virus DNA synthesis. This primer RNA appeared to be a normal tRNA of these cells. It was not found in a number of lower eukaryotic cells or in Escherichia coli.
tion (4, 15, 26) .
The experiments which we report here demonstrate that an RNA identical to spot 1 RNA can be isolated from both RSV-infected and uninfected chicken embryo fibroblast (CEF) cells and from uninfected duck, rat, and human fibroblast cells. These results indicate that spot 1 RNA is a cell-coded molecule. DeMars. Cells were labeled with 32PO03-for 48 h, as described elsewhere (1, 11, 26) . After labeling, the cells were washed twice with 5 ml of cold buffer (0.02 M Tris-hydrochloride, pH 7.2; 0.1 M NaCl; 0.001 M EDTA) and gently scraped off the plates with a rubber spatula in 2 ml of buffer per plate. RNA was purified by phenol-sodium dodecyl sulfate extraction and ethanol precipitation. 32P labeling of other cells. Drosophila (Drosophila melanogaster) larvae were grown in 125-ml widemouth bottles plugged with cotton. Each bottle contained 30 ml of unlabeled agar (1.8% agar, 10% glucose, 0.5% propionic acid, and 10% brewer's yeast) overlaid with 5 ml of the same agar containing 2 mCi of 32PO43-. Approximately 100,000 drosophila eggs were placed on the agar surface and incubated for 8 days at 26 C. Second instar larvae were harvested by washing with water on a fine-mesh screen to remove agar and unincorporated 32PO43-. RNA was prepared by phenol extraction and DEAE column chromatography according to the method of Twardzik et al. (28) .
MATERIALS AND METHODS
Neurospora were grown as follows. The culture was started by adding 20 ml of inoculum (strain 74-OR8-la conidia, OD4,0 5 0.4, 5 2 x 10. conidia/ml) to an equal volume of medium containing 10 ml of Fries 4X PO4-free salts, 0.6 g of sucrose, and 0.2 ml of 50 mM KH2PO4 (2). The culture was then shaken for 5 h at 30 C. After centrifuging the culture, 30 ml of supernatant medium were removed and discarded, 1 mCi of carrier-free "2P043-was added, and the culture (final volume, 10 ml) was again shaken for 5 h at 30 C. The conidia were collected by filtering the culture through a membrane filter (Millipore Corp.) and were washed with water, and the RNA was prepared by phenol-sodium dodecyl sulfate extraction.
Physarum cells (Physarum polycephalum MSC VII) were grown as mycoplasmodia in a 20-ml culture containing 1 mCi of 32043-according to the method of Daniel and Baldwin (10) , except that total phosphate was 2 x 10-3 M. The culture was shaken at 26 C for 2 days. The mycoplasmodia were pelleted and resuspended, and the RNA was prepared by phenol extraction and DEAE column chromatography as for Drosophila RNA.
Normal tobacco (Nicotiana tabacum L. var. Wisconsin no. 38) and tobacco crown gall (22) were grown according to the conditions of Kemp and Sutton (21) . Pith cylinders weighing approximately 150 mg were placed on 20 ml of agar medium containing 2 mCi of 32PO43-and allowed to grow at 28 C in the dark for 4 to 5 days (until mass was doubled). Agar medium contained, per liter: agar (10 g), sucrose (30 g ), RSV DNA PRIMER IN UNINFECTED CELLS thiamine (0.5 mg), myoinositol (100 mg), 11.5 mM indole-3-acetic acid, and 1 mM kinetin, 1.25 mM K2HPO4 (22) . RNA was prepared as for Physarum and Drosophila.
Escherichia coli RNA was prepared as previously described (20) .
Total virion RNA was isolated from purified Schmidt-Ruppin-D-RSV virions after 32PO43-labeling as described previously (26) . The 2-D gel electrophoresis and fingerprinting were described elsewhere (20, 25, 26) . Minor nucleotide analysis by thin-layer chromatography was performed according to the method of Nishimura (23) .
RESULTS Isolation of spot 1 RNA from uninfected chicken cells. We have previously shown that 2-D gel electrophoresis could separate the small RNAs of RSV into discrete species (26) . In the present experiments, we used the 2-D gel to compare small RNAs from the virus with the small RNAs of a number of host and non-host cells. An autoradiogram of a 2-D gel electropherogram of total RSV small RNAs is shown in Fig. la . This is essentially the same pattern of RNAs which we reported previously (26) . The position of spot 1 RNA is indicated by the arrow. This molecule has been identified as the major primer for in vitro RSV DNA synthesis (9, 15) . Figure lc shows the numbering system for the CEF RNAs to which reference is made later (Table 1) .
Fingerprint analysis of host cell spot 1 RNA. RNase Ti fingerprints of the virion and cellular RNAs, which are indicated by the arrows in Fig. 1 , are shown in Fig. 2a and b. The similarity in the patterns indicates that the two RNAs have the same sequence. As we discuss below, corresponding oligonucleotides from the two fingerprints are present in equimolar amounts (Table 2 ) and produce identical products when further digested with pancreatic RNase. Compositions of the viral RNA oligonucleotides are presented elsewhere (15) . Likewise, fingerprints made after pancreatic RNase digestion of both RNAs are identical ( Fig. 2c  and d) .,T2 RNase digestion of individual oligonucleotides followed by thin-layer chromatography (23) 1 RNA is present in uninfected cells requires that the cells really be "uninfected." Several control experiments were performed to test this assertion. Spot 1 RNA was isolated in approximately the same yield when extracts were made from independently established uninfected fibroblast cell cultures from two different chicken embryos. However, all chicken cells so far studied do contain some RSV nucleic acid sequences (29) . Unpublished results of E. Humphries and H. M. Temin showed that both of the chicken cell cultures which we used gave negative results when tested for avian leukosis virus functions such as the avian leukosis-sarcoma virus group-specific antigen and chicken helper factor (18, 19, 31) . The cells did contain a small amount of RNA which hybridized to RSV-RAV-O DNA (8, 19) ; with RNA from the two chicken cell cultures used at a Crt of 1.7 Table 1 ). The first dimension was 10% polyacrylamide (top to bottom), and the second dimension was 20% polyacrylamide (right to left). The arrows indicate the position of spot I RNA. 5S and 5S* are conformational isomers of 5S RNA (26) . The autoradiographs were exposed for 4 h (a) and 15 min (b).
Isolation of spot 1 RNA from other avian fibroblast cells from Muscovy duck embryos. cells. To test whether information of endoge-Varmus et al. (29) showed that Pekin duck cells nous avian leukosis-sarcoma viruses coded for contained little or no DNA that was complethe synthesis of spot 1 RNA, we studied the mentary to a B77 virus DNA probe (representsmall RNAs of other avian cells, in particular, ing at least 30% of B77 virus RNA sequences). (Fig. 3a) and fingerprinting after digestion with RNase Ti (Fig. 4a) . The patterns of oligonucleotides obtained were very similar to that for the viral and chicken cell spot 1 RNAs (Fig. 2) . Again individual oligonucleotides yielded products identical to those from the viral or chicken cell spot 1 RNAs when further digested with pancreatic RNase. The yields of spot 1 RNA relative to other small RNAs were the same in all three rat cell types.
Isolation of spot 1 RNA from human cells. These same techniques were used to identify spot 1 RNA in cells of two independent human fibroblast cell strains. Spot 1 RNA from human cells was essentially identical to that from cells of rat and avian species (Fig. 3b and 4b , and Table 2 ).
Comparison of spot 1 RNA oligonucleotides. Analysis of individual oligonucleotides showed that mammalian, avian, and viral spot 1 RNAs all contained the same post-transcriptional nucleotide modifications (F. Harada, R. C. Sawyer, and J. E. Dahlberg, manuscript in preparation). Although the same nucleotides were modified in spot 1 RNA isolated from each source, there were variations in the extents of modification. Table 2 presents a listing and the molar yields of the RNase Ti oligonucleotides from spot 1 RNAs. Differences in yields of several oligonucleotides were found between RNAs from the different species because of incomplete digestion. However, when the yields of partial digestion products were included in the analysis, it was determined that individual sequences were present in approximately equal amounts in spot 1 RNAs from all four sources. We conclude that spot 1 RNAs from RSV virions and from avian, rat, and human cells have the same basic nucleotide sequence, exhibiting only minor differences in the extent of post-transcriptional modification.
Cells which do not contain spot 1 RNA. Spot 1 RNA was not found in all cells. Having found it in cells of higher vertebrate species, i.e., avian, rat and human cells, we analyzed the small RNAs of several other eukaryotes and a bacterium. For each species, uniformly 32P_ labeled RNA was subjected to a 2-D gel electrophoresis, and each RNA in the general area of each gel where spot 1 RNA could be expected to migrate (arrows, Fig. 5 (25) . Individual oligonucleotides were cut out of the fingerprint, and radioactivity was determined in a gas-flow planchet counter. Molar ratios are relative to one copy each of the oligonucleotide numbers 4, 6 . and 7. each of which is a trinucleotide. Radioactivity in each oligonucleotide was normalized for the number of phosphates contained in it, as deduced from its composition (15) . Results are averages of the following numbers of determinations: RSV, 6; CEF, 4; NRK, 2; HuF. 2. Oligonucleotide A is ApGp and results from minor contamination in some preparations (15) . Oligonucleotides B and C are partial digestion products. B contains oligonucleotide 16 plus an additional modified GMP. Oligonucleotide C contains oligonucleotides 10 and 11 and showed a large variability in yield. In some cases the yield was as much as 0.8 mol. with a concomitant decrease in the yields of oligonucleotides 10 and 11. Partial cleavage of oligonucleotide 17, which contains a modified GMP, produces {pCpUpGp, which migrates with oligonucleotide 14 (15 (26) .
RSV can transform mammalian cells in culture (1) . The presence of spot 1 RNA in uninfected rat and human cells is consistent with the possibility that it might serve as a primer in vivo in these cells.
Comparison of spot 1 RNA from several sources. Our analyses of spot 1 RNA from virions of RSV and from avian and mammalian cells suggest that spot 1 RNAs from these sources all have the same basic nucleotide sequence. However, we do note differences in the extents of some post-transcriptional modifications. The reasons for these differences are unclear but may reflect differences in the metabolism of the different cell types. (20) . The WVe recognize that our inability to find spot 1 RNA in a number of species may be a reflection of different post-transcriptional modifications or minor changes in the basic nucleotide sequence which could alter electrophoretic mobility in the 2-D gel. However, in each of these preparations we analyzed all RNAs in the general area to which spot 1 RNA should migrate ahd found no molecule which produced a fingerprint resembling that for spot 1 RNA. In some instances DEAE column chromatography was necessary to purify the RNA from several of these species (28) due to the large amount of carbohydrate which was not removed by phenol extraction and which precipitated with the RNA in ethanol. This carbohydrate caused the RNA to streak across the first dimension of the 2-D gel. Control experiments with naked CEF RNA showed that spot 1 RNA was not removed from bulk small RNA by this step. Therefore, we feel it is probable that spot 1 RNA does not exist in these particular cells.
Viral RNAs of cellular origin. Several other RSV virion RNAs are of cellular origin besides spot 1 RNA (3, 5), including 7S (14) and rRNAs (5, 16 Fig. 1 , it is clear that the RSV small RNAs are not a random sample of cellular RNAs. In particular. spot 1 RNA makes up a major proportion of the virion 4-5S RNA, whereas it is only a minor fraction of the chicken cell small RNA (compare Fig. la and b) .
